Abstract The prevalence of epidermal conditions in a small population of coastal bottlenose dolphins (Tursiops truncatus) in Monterey Bay was evaluated between 2006 and 2008. Five different skin condition categories were considered, including Pox-Like Lesions, Discoloration, Orange Film, Polygon Lesions, and Miscellaneous Markings. Of 147 adults and 42 calves photographically examined, at least 90 and 71%, respectively, were affected by at least one or multiple conditions. Pox-Like Lesions were the most prevalent, affecting 80% of the population, including adults and calves. This condition warrants the most urgent investigation being possibly indicative of the widespread presence of poxvirus or a similar pathogen in the population. In view of the high number of individuals affected, standard monitoring of the health status of Monterey Bay bottlenose dolphins is considered imperative. Discoloration was strongly associated with Pox-Like lesions. Orange Films were likely an epifaunal infestation caused by diatoms, which have been documented in other cetacean species. Polygon Lesions, a newly described category, could be the result of infestation by barnacles of the genus Cryptolepas. Miscellaneous Markings were variable in appearance and may not have the same causative factor. Although none of the proposed etiologies can be confirmed without appropriate clinical tests, recognizing common visible characteristics of the conditions could aid in preliminary comparisons across populations and individuals.
INTRODUCTION
Epidermal diseases are well documented in many cetacean species (Simpson et al. 1958; Greenwood et al. 1974; Smith et al. 1983; Van Bressem et al. 1993; Dierauf and Gulland 2001; Pettis et al. 2004; Brownell et al. 2007 ). The pathogens involved are varied and generally include viruses, bacteria, fungi and, occasionally, ciliated protozoans, many naturally occurring in the marine environment (Van Bressem et al. 2007 ). Infections are caused by a breakdown of the host's defense mechanisms such as the shear-resistant gel at the surface of dolphin skin (Meyer et al. 2008) , or the enzymes and peptide groups found in cetacean epidermis (Meyer and Seegers 2004) . Pre-existing lesions or infections may provide routes of entry for a variety of pathogens (Schulman and Lipscomb 1999; Van Bressem et al. 2007 ).
The wide variety of skin conditions which affect bottlenose dolphin populations worldwide has been linked to environmental factors such as water salinity and temperature, and to anthropogenic factors such as pollution and contaminants (Wilson et al. 1999) . Contaminants in particular, through the process of bio-magnification, can accumulate at levels highly toxic to cetaceans and depress the immune system, exacerbating the severity of clinical signs (DeGuise et al. 1995; Levin et al. 2007) .
California coastal bottlenose dolphins are part of a single stock that inhabits the near-shore strip just beyond the surf zone between San Quentin, Mexico, and San Francisco, California (Feinholz 1996; Defran and Weller 1999) . Individual animals may reside in a geographically small coastal area for a period of months to years and then move either north or south, shifting their distribution several hundred kilometers (Wells et al. 1990; Feinholz 1996; Defran and Weller 1999) . These movements expose them to a variety of water temperatures and oceanographic conditions. The population is small (300-500 individuals) according to recent estimates (Dudzik et al. 2006 ). The Optimal Sustainable Population (OSP) is not known, and there is no indication of a trend in abundance (NMFS 2008) .
By occupying a habitat so close to the land-sea interface, California coastal bottlenose dolphins feed in areas heavily impacted by anthropogenic input; they are also a top predator in the coastal zone, with the potential for bioaccumulating contaminants (Kannan et al. 1989 , Ross et al. 1996 . The long-term monitoring of bottlenose dolphin skin conditions along the California coast is a potentially important indicator of ecosystem health.
We summarize the types of skin conditions found in the bottlenose dolphins using the waters of Monterey Bay, which is an important core area for the California coastal stock (Feinholz 1996; D. Maldini unpublished data) and where over 300 animals have been documented since 1990 (D. Maldini unpublished data). Monterey Bay is also part of the larger Monterey Bay National Marine Sanctuary and an assessment of coastal dolphins' health parameters is important in the context of managing the sanctuary's ecosystem.
MATERIALS AND METHODS

Study Area
Monterey Bay is located along the central California coastline between Santa Cruz to the north and Point Piños to the south (latitude: 36°37 0 N to 36°56 0 N). The bay is within the Monterey Bay National Marine Sanctuary and is California's second largest bay. Its distinguishing feature is the presence of the deepest and largest submarine canyon along the west coast of North America, which bisects the bay and brings nutrient-rich deep waters within a mile from shore, supporting extensive fish, invertebrate, seabird, and marine mammal populations. The bay is approximately 37 km long, north to south, and 16 km wide, east to west (Breaker and Broenkow 1994) .
The study area included waters between the shoreline and 1 km offshore with depths B20 m, which is the limit of coastal bottlenose dolphin distribution in Monterey Bay (Feinholz 1996; Defran and Weller 1999) . Surveys of the entire coastal strip were conducted between Monterey and Santa Cruz. This area is strongly influenced by surf conditions and rip currents, and its waters are generally turbid.
Data Collection
Boat-based photo-identification surveys for California coastal bottlenose dolphins were conducted in Monterey Bay by traveling at an average speed of 18 km h -1 parallel to the shoreline just outside the surf zone (B500 m). Surveys covered 52 km of coastline from Monterey to Santa Cruz and were only conducted in ideal conditions (Beaufort B2). Dolphins were photographed using digital technology (Canon 30D and 40D and Canon 100-400 mm Image Stabilized zoom lens), and pictures of the side of the dorsal fin and body were taken. Each dolphin school encountered was followed until all dolphins were photographed at least once, unless weather conditions or evasion by dolphins ended observations. All images were compiled into a photo-identification catalog with individual dolphins identified from distinctive markings and scars (Feinholz 1996) . Images were cataloged using ACDSee Ó software and by using techniques modified from Mazzoil et al. (2004) .
Evaluation of Photographs
All images in our photo-identification catalog were analyzed for clarity, focus, exposure, and parallax. An image was classified as excellent for the purpose of detecting the presence of a skin condition if: (1) the image was in focus; (2) at least the entire dorsal fin and the area of the body immediately below were visible; (3) the animal occupied at least of the frame. All images that met these criteria were selected for each known dolphin in the catalog.
The visible areas of the body were visually inspected for the presence or absence of skin conditions classified based on their appearance. For each photo, the types of condition found and their locations were recorded. Body scars that clearly suggested injury or trauma (i.e., nicks, bleeding wounds, rake-marks, and clearly discernable bite marks) were not included in the classification. Scars and marks potentially acquired as a result of aggressive interactions can often be inferred from matching them to the dentition of predators or conspecifics (McCann 1974; Heithaus 2001) , and injuries from boat strikes or nets are also identifiable (George et al. 1994) . To ensure consistency, each photo was evaluated by two independent observers.
Skin Condition Categories
Skin conditions were assigned to five categories ( Fig. 1 ):
I. Discoloration: This category presented as a whitish patina generally resulting in lighter than average coloration of the skin. It could be either found in patches (as large or larger than a human hand) or evenly widespread over large areas of the body. This type of lesion, as described, is new to the literature. However, Wilson et al. (1997) and Bearzi et al. (2009) included similar lesions in the category 'pale lesions'.
The category appeared to us distinct enough to warrant a new classification. II. Orange Film: This category combined 'orange hue'
and 'orange patches' described by Wilson et al. (1997) and included both orange or rusty-colored films over the skin either uniformly covering the body or found in dense but small patches on dorsal fin and/or body. III. Polygons: These lesions presented as shallow depressions of the skin, generally with a hexagonal or polygonal shape and B1 cm in diameter. They were characterized by the presence of a dark pinhole in the middle of the depression and occurred either in clusters or isolated on the body and/or dorsal fin. Bearzi et al. (2009) classified these lesions as the 'lunar lesions' described in Wilson et al. (1997) , but we found them to be different enough to warrant a new category. This type of lesion is new to the literature. IV. 'Pox-Like' Lesions: This category comprised both ring and irregular-shaped lesions (tattoo lesions) similar to those described by other authors in cetaceans affected by poxvirus (family Poxviridae) (Geraci et al. 1979; Van Bressem et al. 1999) . The size and the coloration of these lesions were found to be variable, ranging from completely hyperpigmented, to pale and dark-fringed, and vice versa. Lesions were either completely raised, had a raised rim, or were almost flush. In some cases, ringed lesions were hyperpigmented in the middle. They were found either isolated or evenly distributed on dorsal fin, body, or both. Despite the definition 'PoxLike', we do not imply a known etiology for these lesions, but simply emphasize their similarity in appearance to lesions described as such by other authors. V. Miscellaneous Markings: Included in this category were well-defined but variably shaped markings, flush with the skin and of contrasting color. They could be round or of irregular shape. They were present on body and/or dorsal fin, mostly isolated and, occasionally, in clusters.
Prevalence of each condition was expressed as a proportion and either z-statistics or Chi Square were used to compare either two or multiple categories with a = 0.005. To establish strength of association or co-occurrence of different conditions, the association coefficient (AC) was calculated as:
where J is the number of times two conditions were found together on the same animal, and A and B are the number of times each of the two conditions was recorded for all animals. AC \ 0.3 was considered a weak association for the purpose of this study.
RESULTS
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We found at least one photo that matched optimal quality criteria for 147 adults (52 females, 46 males, and 43 of unknown sex) and all the calves. One hundred and thirtythree adults (90%) and 30 calves (71%) were affected by one or multiple (81%) skin conditions. The five types of lesions (Table 1 ; Fig. 1 ) in the population were in the following overall proportions, listed by prevalence: PoxLike Lesions (80%), Discoloration (48%), Orange Film (42%), Miscellaneous Markings (25%), and Polygons (5%). The prevalence of different conditions was not significantly related to sex (Yates corrected z test for each condition); therefore, adults were pooled for comparison with calves. The difference in proportion of animals affected overall between adults and calves was significant (Yates corrected z = 2.670; p = 0.008). Prevalence of Pox-Like Lesions was significantly higher (Yates corrected z = 3.669; p B 0.001) in adults (84%) than in calves (43%). Orange Film was significantly more prevalent in calves (62%) than in adults (22%). Discoloration and Polygons were not found in calves.
One percent of adults presented all five conditions simultaneously, but the majority had either two (41%), one (28%), three (25%) or four (5%). Calves had mostly one (60%) or two (33%) simultaneous conditions. Both males and females were similar in the number of condition-types found simultaneously on the body (v 2 = 1.071; df = 2; p = 0.585) and the pooled adult population differed significantly from calves (v 2 = 25.641; df = 2; p \ 0.001). All affected calves started showing skin conditions during their second or third year.
Round and irregularly shaped Pox-Like Lesions occurred together in all but two individuals. Pox-Like Lesions had strong association with Polygons (AC = 1.00), Discoloration (AC = 0.66), and with Orange Film (AC = 0.45). Discoloration was strongly associated with Orange Film (AC = 0.41). All other associations were weak.
DISCUSSION
The prevalence of visible skin conditions in California coastal bottlenose dolphins is high. Whether this is significant in terms of population health cannot be established with certainty until a proper diagnostic study, using samples from live skin tissues, is performed. Nonetheless, the general appearance of some skin conditions can be used to assess the likelihood that they are indicative of a particular etiology. Although Wilson et al. (1999) used different categorizations to evaluate skin conditions, their results indicated a similarly high incidence within geographically separated bottlenose dolphin populations, incidence ranging between 67% in Florida and 100% in England. Our study population falls within the higher values (90%) found by Wilson and colleagues, supporting the hypothesis that skin conditions are a geographically widespread phenomenon in bottlenose dolphins. The variability in prevalence and appearance of these conditions may depend on local environmental variables such as water temperature and salinity, and/or the presence of other 'stressors' such as water contamination (Wilson et al. 1999) .
California coastal bottlenose dolphins in Monterey Bay had equally prevalent Pox-Like Lesions in both sexes, but more adults than calves were affected. True pox lesions may be indicative of environmental stress and/or generally poor health (Geraci et al. 1979 ), but may not affect overall survival (Sweeney and Ridgway 1975; Geraci et al. 1979; Van Bressem et al. 1993; Van Bressem and Van Waerebeek 1996) . Van Bressem et al. (1993) suggested calves may be protected from poxvirus through maternal immunity. However, at least 43% of calves in our study presented the condition and started showing signs during their second or third year. It is unclear how this age-transition plays a role, but changes in passive transfer of immunity from dam to calf associated with weaning should be considered.
Poxvirus has been well documented in seals and sea lions (Wilson et al. 1969; Wilson et al. 1972; Becher et al. 2002; Muller et al. 2003) , which occupy the same coastal areas as bottlenose dolphins in California, and is known to occur in cetaceans (Flom and Hoek 1979; Geraci et al. 1979; Van Bressem et al. 1993 Brownell et al. 2007 ). The coastal environment in California, and in Monterey Bay in particular, is of concern because of high contaminant loads and general levels of pollutants (Hartwell 2008) . Environmental contaminants have been linked to marine mammal diseases (Aguilar and Borrell 1994; Ross et al. 1996) , and high contaminant levels have been associated with higher prevalence of tattoo lesions (PoxLike Lesions) in dolphins in some studies (Van Bressem et al. 2003) . However, no direct link between contaminants (cause) and skin lesions (effect) has been verified.
Discoloration of the body either uniformly or in patches was the second most prevalent skin condition and it was limited to adults with no difference between sexes. This supports the hypothesis that discoloration may be acquired over time. One possibility is that this condition is the result of repeated scarring from trauma of a type not easily identifiable at first inspection (obvious scarring was excluded from analysis in our methodology), rather than disease. In this case, the amount of scarring may indicate social rank and the intensity of aggressive interactions an animal has been exposed to over its lifetime (Scott et al. 2005) . We are further investigating this possibility through long-term monitoring of the evolution of traumatic injuries of known individuals. At this point, our data is not sufficient to substantiate this hypothesis. However, given the association of Discoloration to Pox-Like Lesions, we cannot either exclude it being the result of healing from repeated exposure to a skin condition or some manifestation of a related condition.
Orange Films and patches were the third most prevalent condition. Diatoms or other epifauna embedded in the skin are the most likely cause of such coloration pattern. A variety of diatom taxa have been identified on cetacean skin (Hart 1935; Usachev 1940; Okuno 1954; Nemoto 1956; Holmes et al. 1993) . Two in particular, Bennettella (previously Cocconeis) ceticola and Epipellis oiketis are non-planktonic forms found exclusively on the skin of cetaceans (Holmes and Nagasawa 1995) . At least 15 different species of diatoms have been observed on cetaceans in Monterey Bay (Morejohn 1980) , including E. oiketis (Holmes 1985) . Some of these diatoms thrive in waters 13°C or colder (Nemoto et al. 1980) , and infestations tend to disappear in warmer waters. A comparison with data from Bearzi et al. (2009) for the same population of bottlenose dolphins while in Santa Monica Bay, California (approximately 400 km south of Monterey Bay) indicates a much lower prevalence of orange films and patches in the warmer waters of southern California than in our study area. Temperatures in Santa Monica Bay range from 13.8°C in January to 20°C in August, while Monterey Bay ranges from 11.7 to 15.6°C.
Blood flow to the skin may be reduced in colder temperatures slowing down regeneration within the epidermis (Feltz and Fay 1996) . Although Holmes et al. (1993) suggest that bodily contact is the most likely form of transfer for epifauna, calves appear to be particularly susceptible, suggesting the barrier provided by adult skin might not be completely developed in calves. It is possible that epifaunal infestations are a vector for pathogens or parasites and that calves with widespread epifaunal infestations may be more prone to be affected by other skin conditions.
Miscellaneous Markings, the fourth type of skin condition documented, are difficult to evaluate as a group, probably because they are from various origins. Some may represent the remnants of healed injuries (but not easily recognizable as such upon visual inspection), or difficult to classify forms of the already described conditions. They were poorly associated with other lesions suggesting they may not be related. These types of markings need further examination.
Polygon Lesions are an interesting case study affecting only six adults in the population. The hole in the middle of the hexagonal crater suggests it may be the attachment site for a barnacle. Ridgway (pers. comm.) reported captive bottlenose dolphins in San Diego Bay becoming infested with the barnacle Cryptolepas rhachianecti, previously considered an obligate commensal of the gray whale, Eschrichtius robustus. The same barnacle was documented infesting captive belugas, Delphinapterus leucas in San Diego Bay (Ridgway et al. 1997) , and was reported on a killer whale, Orcinus orca, stranded along the southern California coast (Samaras 1989) . In all cases the infestation seemed to be related to the presence of gray whales in the area.
Pox-Like Lesions are the most significant condition in this population and the large proportion of animals affected warrants further investigation. Similar conditions in other populations have been linked to bioaccumulation of contaminants to toxic levels in fatty tissues (Reif et al. 2009 ). Males, who continually accumulate these compounds with age, and calves from first time mothers, who consume their mothers' life-long contaminant load through milk, are generally found to have higher contaminant loads than females (Addison and Brodie 1987; Borrell et al. 1995; Ross et al. 2000) . As adult males and females were found to be equally prone to skin conditions and because some of the calves affected were confirmed to be from veteran mothers (D. Maldini, unpublished data), the potential link to contaminants in our study is weakened. In addition, preliminary information on contaminant loads for this population (T. Jefferson, unpublished data) indicates that, at least for Polychlorinated Biphenyls (PCBs), levels in this population are below toxicity. The prevalence of Pox-Like Lesions within the coastal population should be assessed because it could be indicative of other environmental stressors. The long-term health of this population should not be overlooked, especially because the overall coastal California bottlenose dolphin stock is currently estimated at less than 500 animals (Dudzik et al. 2006) .
